Many documents describe standardized methods and standard equipment requirements in the field of audiology and hearing aids. These standards will ensure a uniform level and a high quality of both the methods and equipment used in audiological work. The standards create the basis for measuring performance in a reproducible manner and independent from how and when and by whom parameters have been measured. This article explains, and focuses on, relevant acoustic and electromagnetic compatibility parameters and describes several test systems available.
Historically, hearing aid manufacturers have made measurements of hearing aid performance and reported them on specification sheets using procedures specific to that manufacturer. These measurements are needed so that electroacoustic data can be provided to hearing aid dispensing professionals, as well as to inform government agencies about both quality control and actual performance during use. In the past, it was difficult for the hearing health professionals who used these specification sheets to assess and compare hearing aid performance across manufacturers, because their measurements were done differently. Standardizing the methodology for obtaining theses data ensures that consistent procedures are readily available, understandable, and replicable for those needing to use this information.
Hearing aid performance data of interest includes, but is not limited to, measurements of the amount of amplification, frequency response, distortion, internal noise, current drain, telecoil sensitivity, directionality, and automatic gain control.
American National Standards Institute (ANSI) and International Electrotechnical Commission (IEC) hearing aid-related standards fill the need for specifying consistent methods to measure and verify the performance of systems and devices. The purpose of these standards is to ensure that the same measurements made on a hearing aid at different facilities using different test equipment, but following the procedures described in the standards and using equipment complying with these requirements, give substantially the same results. Efforts for standardizing measurement procedures to assess hearing aid performance parameters were underway as early as 1935. 1 Standardized measurement procedures are achieved by consensus and are typically a result of widely used practices by those in the field.
In this article, we will explore briefly the process of developing standards for making these measurements and review the scope and content of some of the hearing aid-related standards and recent activities in the standards working groups (WGs) that formulate them. Examples of hearing aid test equipment that perform these measurements are provided, and calibration procedures for this equipment are discussed.
HEARING AID FEATURES AND THE NEED FOR PERFORMANCE MEASUREMENT STANDARDS
Due to advances in hearing aid technology and the introduction of new features, methodology used in performance test standards may become outdated. Many years ago, compression or automatic gain control in hearing aids was one of the first features incorporated in hearing aids that required performance standardization to assess a temporally varying process. Some comparatively recent features include adaptive directionality, noise management, environmental detection, feedback cancellation, and frequency transposition. These processingintensive features are adaptive in nature, resulting in the processing they perform on hearing aid input signals to change over time. Only a few available performance measurement standards assess performance of these adaptive features.
THE STANDARDS DEVELOPMENT PROCESS
After the need has arisen for standardization of some aspect of hearing aid performance, a new standards committee is established or an existing standards committee is identified to work on drafting a new standard or updating an existing standard. Experts in the technology area involved are invited to participate. Ideally, these experts should have financial support to participate in standards drafting and reviewing efforts and numerous meetings, many of which may occur by necessity during their spare time. With few exceptions, there is no external funding from standards organizations for people who participate in standard committees, and many tasks and activities may be accomplished by committee members in after-hours work.
ANSI standards are typically reaffirmed, revised, or withdrawn every 5 years. Existing standards are not modified to bring them in line with changes in technology and currently used measurement procedures. Instead, existing standards being modified undergo the same consensus and approval process that occurs when formulating a new standard, first requiring consensus approval by members of the WG, and then approval by balloting members and individual experts of the parent Acoustical Society of America (ASA) committee. For hearing aid-related standards, the parent committee is ASA Accredited Standards Committee S3 on Bioacoustics. Negative votes and comments resulting from the ballot or public comment must be resolved by the WG, and the revised draft is circulated for final approval by the parent committee and a call for public comments is published again. Then the new or revised standard is sent to ANSI for final approval and publication as an American National Standard.
ANSI AND/OR IEC HEARING AID-RELATED STANDARDS
Performing procedures described in standards are normally not required by law unless they are adopted by a regulatory agency-for example, the Food and Drug Administration (FDA) made testing and expressing hearing aid performance (as specified in ANSI S3.22 2014) a quality control requirement in order for a manufacturer to be able to sell hearing aids in the United States. Likewise, several IEC 60118 standards have been adopted for homologation purposes by regulatory authorities in several European countries to qualify hearing aids for sale in those countries.
In the past, WGs that formulate ANSI and IEC hearing aid-related standards have not always worked together to achieve harmonized standards. 2 The result has been the publication of separate ANSI and IEC hearing aid-related standards that cover the same topics, which puts a greater burden on test equipment and hearing aid manufacturers that must perform similar, but different, tests. However, recently there has been a greater effort within ANSI and IEC hearing aidrelated standards committees to achieve as much harmonization as possible. A description of harmonization can be found in Wilber, Laukli, and Burkard in this volume.
The following sections review some of the more relevant ANSI and IEC standards, grouped by the signals they utilize and what they test. Standards relevant to hearing aids and hearing aid test systems can be found in Tables  1 and 2. TESTING WITH PURE TONES These standards contain electroacoustic tests for characterizing the performance and for assessing the reliability of air conduction hearing aids based on controlling sound pressure levels at the hearing aid microphone inlet and measuring hearing aid output with an acoustic coupler or an ear simulator. Some of the test results are toleranced for quality control and type-testing purposes and for use in manufacturer data sheets.
Because they include tolerances, the methods and equipment used in these standards were selected to be straightforward to implement and reproducible across different test facilities. Before the procedures in many of these standards were first published (e.g., ANSI S3.22 [2014] Rather than utilizing pure tones, as specified in ANSI S3.22 (2014), to determine the effect on frequency response of compression or other nonlinear processes, the original ANSI S3.42 part 1(1992) utilized a steady-state broadband noise input to determine hearing aid frequency response at different input levels. The resulting family of curves shown in Fig. 1 characterizes non-linear hearing aid signal processing better than a swept pure tone because the artifact known as blooming 4 is eliminated. This general procedure was adopted later in an amendment of IEC 60118-2 (1996). However, using a steady-state broadband noise input does not demonstrate the effects on hearing aid processing of using a temporally varying signal such as speech. 
HEARING AID-RELATED STANDARDS AND TEST SYSTEMS/RAVN, PREVES
For many years, the S3/WG48 committee on hearing aid measurements discussed an extension of the original ANSI standard S3.42 Part 1 (1992) that would utilize a temporally varying signal rather than the steadystate broadband noise input specified in S3.42 Part 1 (1992). Because the ANSI S3/WG48 committee could not achieve consensus on using one temporally varying signal, no ANSI standard resulted from this effort. However, in the meantime, the International Standards for Measuring Advanced Digital Hearing Aids (ISMADHA) group of the European Hearing Instrument Manufacturers Association (EHIMA 5 ) Technical Committee was drafting a hearing aid testing standard using the International Speech Test Signal (ISTS), which was designed to represent normal speech. 6 The ISTS is based on the need for a complex, temporally varying test stimulus with speech properties that facilitates repeatable measurements. The ISTS comprises mixed, unintelligible recordings of speech segments from "The north wind and the sun" 7 read by female speakers in six different languages (American English, Arabic, Chinese, French, German, and Spanish). The signal is based on the spectral changes in the long-term average speech signal that occur at different levels, and it describes hearing aid gain-frequency response at different percentiles of the speech level distribution. The EHIMA ISMADHA document later became IEC IEC60118-15 (2012) and was later IEC 60118-15 (2012) and ANSI S3.42 Part 2 (2012) make frequency response measurements using the ISTS as a stimulus at different input levels with the hearing aid adjusted to actual use condition settings or to manufacturer-recommended settings for one of a range of audiograms (i.e., the hearing aid settings are programmed using the manufacturer's fitting software for one of the 10 standard audiograms included in the standard). The measured characteristics are comparable to those that may be obtained by a hearing aid wearer at typical use settings.
For the purposes of these standards, the hearing aid is considered to be a combination of the physical hearing aid and the fitting software that accompanies it. This procedure can demonstrate the performance characteristics of at least some adaptive-signal-processing features. The measurements are performed in an occluded ear simulator and are used to derive the estimated insertion gain. However, for the purpose of characterizing hearing aids during manufacturing, Originally, the main focus of these standards was to describe the amount of interference in hearing aid-processed audio that is caused by mobile phone handsets. Experience in connection with the use of hearing aids in recent times has identified digital wireless devices (WDs) such as wireless telephones and global system for mobile (GSM) phones as potential sources of disturbance for hearing aids. Interference in hearing aids depends on the emitted power and the amount of modulation in the signal emitted by the digital WDs, as well as the immunity of the hearing aid. In practice, a hearing aid user, when using a wireless telephone, will seek, if possible, to find a position on the ear that gives the best coupling of the telephone signal with minimum noise interference in the hearing aid. WDs can cause two types of interference in hearing aids:
1. A buzzing from the modulation of the WD carrier frequency being demodulated by the hearing aid 2. A magnetically induced interference via the telecoil in hearing aids, caused by inductive energy at audio frequencies radiated by the display, keypad, and battery of the WD ANSI C63.19 (2011) was developed in a subcommittee of Accredited Standards Committee C63, EMC, which is sponsored by the Institute of Electrical and Electronic Engineers. This standard assesses both radio frequency emissions and hearing aid immunity to interference, whereas IEC 60118-13 (2011) measures only hearing aid immunity. The methods described in these standards are not completely harmonized, but some attempts have been made to make their procedures similar if not identical; for example, although the primary method of testing hearing aid immunity in the C63.19 (2011) standard is via a dipole antenna, testing in the Gigahertz Transverse Electromagnetic, as specified in IEC 60118-13 (2011), is now included in the latest revision of the ANSI C63.19 (2011) as an alternate method. Recently, both standards have extended their measurement frequency ranges to account for new WDs that are coming into the marketplace. Hearing aid manufacturers have discovered through measurements for interference at higher frequencies that immunity to radio frequency interference decreases as WD carrier frequency increases. As Wi-Fi capability is included in cell phones using carrier frequencies near 2.45 GHz and 5 GHz, no one knows for sure what the power level of these emissions will be or how hearing aids will react.
The performance criteria in the ANSI C63.19 (2011) and IEC 60118-13 (2011) standards do not ensure interference-free use of wireless telephones with hearing aids but do predict useable conditions in most situations. Various test methods have been considered for determining the immunity of hearing aids. In practice, based on studies of the maximum amount of interference that results in an acceptable signalto-interference ratio, the measured input-related interference level will be below 55-dB SPL when a bystander uses a mobile handset nearby (bystander condition) or when the hearing aid wearer uses a mobile handset (user condition).
Today most hearing aids contain digital signal processors and some contain wireless transceivers. These technology advancements have prompted a new revision of IEC 60118-13 (2011) that introduces additional specifications for EMC requirements for hearing aids. Hearing aids that have radio frequency transceivers for wireless communication require compliance to existing standards addressed by entities such as the Federal Communications Commission, radio and telecommunications terminal equipment, or other wireless directives. Hearing aids must meet radiated and immunity requirements to address general EMC compliance because they are medical devices.
In addition, the current revision of IEC 60118-13 (2011) contains requirements for the amount of electrostatic discharge or electric shock that a hearing aid must be able to withstand. 
TESTING HEARING AID DIRECTIONALITY
tative and repeatable measurements on wideband hearing aids at frequencies above 10 kHz. This concern has led to the development of a 0.4-cm 3 coupler to make wide-band measurements.
IEC draft technical specification (DTS)
62866 (draft of a future IEC standard) Advancement in the hearing aid design makes it possible to increase the bandwidth of hearing aids up to 16 kHz. Accordingly, there is a need for an accurate and robust broadband measurement method that assesses high-frequency performance for the use by the transducer (receiver, ear phone) designer, the hearing aid designer, and fitter of hearing aids.
The 2-cm 3 coupler is suitable for measurements up to 8 kHz. The limitation is caused by unfavorable acoustic modes of the coupler. The ear simulator simulates the average external human ear up to 8 kHz and can be used as a test coupler up to 16 kHz. A known issue is the very sharp one-half wavelength resonance at $12 to 14 kHz, which degrades both the reproducibility of measurement results in that frequency range and the harmonic distortion measurements to the corresponding fraction of the resonance frequency. Also, this resonance exhibits a complex load to the hearing aid transducer, which makes it more difficult to differentiate between transducer-and loadrelated effects.
Due to these limitations, a new technical specification is under development. The effective internal volume of the coupler described in the new technical specification is 0.4 cm 3 , which is small enough so as not to produce any resonance in the frequency range below 16 kHz. Interestingly, Frye (Frye Electronics, Inc., Portland, OR) developed a 0.4-cm 3 coupler in 2005 to better determine the performance characteristics of deep-fitting hearing aids, but Frye states that it is not intended to be used at high frequencies. The impedance response of the 0.4-cm 3 coupler follows the pattern of a capacitive load up to $30 kHz. With sufficiently high-acoustic source impedance and sufficiently small coupling and volume, the 0.4-cm 3 coupler produces $14 dB higher output at 1 kHz in comparison to data obtained with the 2-cm 3 coupler. The 0.4-cm 3 coupler described will allow characterizing hearing aids and transducers, including verification of simulation models of up to 16 kHz. In combination with an appropriate real ear probe microphone measurement discussed in the next section, the 0.4-cm 3 coupler will allow evaluation of real ear to coupler difference (RECD) up to 16 kHz.
Currently, the DTS 62866 document has been put forth as a technical specification, rather than an IEC standard, to allow sufficient time to gain experience using the 0.4-cm 3 coupler. There is some reservation in the ANSI S3/WG48 committee as to whether this approach is appropriate for high-frequency testing of high-impedance transducers. Instead, a terminated transmission line approach to an equivalent circuit might be closer to the performance of an unknown high-impedance sound generator. However, at the time of this writing, some of the few laboratories that have utilized the 0.4-cm 3 coupler have found that tests results appear to be stable and representative enough to raise the possibility that the 0. There also was concern that high acoustic output impedance sources (e.g., insert earphones like the Etymotic Research ER-3A (Etymotic Research, Inc., Elk Grove Village, IL) having a higher acoustic impedance than hearing aid receivers) are sometimes used to measure the RECD on infants, which would produce results not representative of the actual RECD obtained with a hearing aid. Because of these and other varying practices in the field, RECD measurements for a specific hearing aid and wearer could be quite variable across facilities. Clauses in the 2013 revision of ANSI S3.46 (2013) were added to discourage these practices by pointing out common pitfalls and to narrow the definition of RECD. The ANSI S3.46 (2013) revision has several explanatory notes included in the definition of RECD and an extensive Annex C that document potential sources of errors in performing RECD measurements. For the RECD calculation, ANSI S3.46 (2013) essentially recommends that the coupler (the HA-1 coupling configuration) utilize the actual tubing and earmold (or eartip) that is used for the real ear part of the measurement, and the same high-impedance sound source for both the coupler and real ear measurements.
TESTING ASSISTIVE LISTENING DEVICES OR HEARING ASSISTIVE DEVICES INCLUDING WIRELESS HEARING AID SYSTEMS

ANSI S3.47 (2014)
This standard describes definitions and measurements for the specification and evaluation of hearing assistance devices/systems (HADS), devices with varying physical configurations that amplify an acoustic signal and/or improve the signal-to-noise ratio using in part non-acoustic signal transmission. Examples of HADS include personal assistive listening devices, hearing assistance technologies, auditory trainers, large-area assistive listening systems, telephone amplifiers, and alerting devices, but this standard address only devices that transmit directly to a person via earphones or hearing aid. HADS are classified into one or more of the following categories of transmission methods: hardwired or wireless, which includes radio frequency or near-field induction, audio frequency induction, and infrared. Hearing aid delivery includes direct electrical input, via an induction coupling through the telecoil of the hearing aid or via a built-in receiver such as a frequency-modulation (FM) transceiver in the hearing aid. The scope of ANSI S3.47 (2014) is limited to performance measurement of devices not worn entirely on the body. For example, one application of the standard would be measuring the input-output characteristics of a remote microphone system (e.g., an FM transmitter on a teacher transmitting the teacher's voice to an FM receiver connected to a neckloop that relays a corresponding magnetic signal to a telecoil in a hearing aid worn by a person). The Frye 8000 test system (see Fig. 3 ) comes with a Frye 8050 or 8120 sound chamber. Both the 8000 and FP35 Touch analyzers can use the same microphones and couplers, although Frye makes its own 14-mm diameter precision microphone for use with the 8000 analyzer. Frye states that the 8000 utilizes a leveling system rather than a feedback microphone to equalize the sound chamber to reduce test time and to prevent acoustic feedback emanating from open-fit hearing aids from affecting their measurement.
Etymonic Design-Audioscan Verifit
Historically, Audioscan has focused on incorporating real ear measurement capability in its hearing aid analyzers, in accordance with ANSI S3.46, and their testing features have often lead the way for updates to that standard. Audioscan has pioneered several testing features in its Verifit line of dedicated hearing aid analyzers. Among these are Speechmapping, with which the hearing aid output in the ear canal is measured with real speech and compared on the same graph to an individual's hearing loss and loudness discomfort level.
The recently introduced Verifit2 (see Fig. 4 ) utilizes a binaural test box that provides capability for confirming the latest hearing aid features, including wireless communication between paired hearing aids (e.g., synchronized volume control and programming adjustments for binaural hearing aid fittings and verification of wireless streaming functionality in hearing aids). For these tests, the two hearing aids are mounted vertically facing the main speaker (see Fig. 4 ). The Verifit2 (Audioscan Verifit2 1 , Dorchester, Ontario, Canada) also performs frequency response measurements to 16 kHz and has tests for verifying adaptive directionality, noise reduction, frequency lowering, and feedback suppression. The Audioscan Verifit website 9 contains interesting and valuable specifications, videos, a product comparison chart of Audioscan hardware and software features, and hints called "verification myths" that debunk several popularly held beliefs about hearing aids.
LABORATORY INSTRUMENTS
Many laboratory instruments are used for hearing aid research and development and/or hearing aid production test environments. These devices are briefly described below. The dedicated hearing aid testers cited above for clinical use can perform tests taken from ANSI S3. SoundCheck 10 is an audio test and measurement system that is used for general audio industry applications (see Fig. 5 ). The system can be configured to run a large variety of measurements, including standard metrics like frequency response, gain, and distortion, as well as nontraditional measurements such as perceptual distortion.
The Listen SoundCheck 10 offers a set of prewritten test scripts for performing measurements in accordance with the ANSI S3.22 (2014) and IEC 60118-7 (2005) standards (see Fig. 6 ). This sequence package is available as an add-on to a standard SoundCheck license, and, with the appropriate hardware, allows all the tests from these two standards to be run, including some of the optional tests in the annexes of ANSI S3.22. Each of these sequences may be run independently and utilize the tolerances created in a Limits Entry sequence. A sequence editor allows the creation of userdefined test scripts.
The test chamber, microphones, couplers and telecoil test fixtures used with the SoundCheck system can be provided 
R&S
11 has several options for hearing aid measurements comprising generalized hardware used with specific hearing aid-related software programs. R&S UPV (see Fig. 7 ) is a self-contained audio analyzer that tests per ANSI S3.22 and IEC 60118-0 (1994), 60118-1 (1999), 60118-2 1996), and 60118-7 (2005) AP provides calibration data sheets with its half-inch and 14-mm diameter pressure microphones, which are designed to be interchangeable with GRAS and B&K half-inch microphones and Frye microphones, respectively. HA-2 and HA-2 type 2-cm 3 coupling configurations are available that conform to the ANSI S3. 7 (1995) and IEC 60126 (1961) (now IEC 60318-5 1983) coupler standards.
B&K PULSE analyzer
Hearing aid measurements may be performed with B&K 13 microphones, preamplifiers, and couplers in the B&K 4232 test chamber (Interacoustics TBS25 chamber). Additionally, B&K has ear, head, torso, and mouth simulators to make hearing aid-related measurements other than quality control. B&K has developed a robot-controlled, near-field acoustic holography system called SONAH for identifying feedback and its source(s), due to acoustic leakage or vibration in hearing aids. In this system, a robot moves a probe microphone systematically and repeatably on a predefined track to map the sound field near a hearing aid in small steps. The conformal sound maps resulting may be obtained in situ while a hearing aid is worn. When combined with computer models of a hearing aid, they can show via different colors "hot spots," which indicate relative sound intensity differences at specific locations near the hearing aid. 14 G.R.A.S. G.R.A.S. 15 provides laboratory microphones, calibrators, couplers, ear simulators, and head and torso simulators, including manikins, for hearing aid testing.
CALIBRATION OF HEARING AID PERFORMANCE ANALYZERS
Calibration of the hearing aid test equipment is needed to ensure that the measurements are correct to build confidence in the measurements and to ensure product quality. The steps of calibrating include:
Proving that measurement methods and the equipment used are accurate, for example, to prove that a measurement complies with the requirements of national legislation, standard bodies, and customers Verifying the stability of the measurement equipment, including equipment used to perform calibration Accounting for local measurement conditions (e.g., variations in ambient pressure and temperature) Several clauses in the ANSI S3.22 (2014) and IEC 60118-7 (2005) quality control-related standards specify acceptable tolerances for test equipment accuracy. These tolerances define test limits for calibration parameters needed for hearing aid performance analyzers to meet the test equipment requirements in these standards. The following are included (as excerpted from ANSI S3.22 2014).
Sound Source and Test Signal
The sound source shall be able to deliver SPLs between 50 and 90 dB at the sound entrance on the hearing aid. Using a calibrated control microphone system or other means, the SPL at the sound entrance shall be maintained within AE 1.5 dB from 0.2 to 2.0 kHz and within AE 2.5 dB from 2.0 to 5.0 kHz. This can be verified by comparison to readings made with a type 1 sound level meter or a microphone and associated measurement system. For frequency response and harmonic distortion measurements, the total harmonic distortion of the acoustic test signal shall not exceed 2 and 0.5%, respectively. The frequency of the test signal shall be accurate to within AE 2%.
Microphone Used in Coupler
The pressure frequency response of the microphone used in the earphone coupler, including its amplifier and display, shall be uniform within AE 1 dB over the frequency range 0.2 to 5.0 kHz. The calibration of the microphone system shall be accurate at frequencies between 0.25 to 1.0 kHz to within AE 1 dB.
Test Space
The test signal shall exceed the ambient noise at every analysis frequency (or in every analysis band) by at least 10 dB. Unwanted stimuli in the test space, such as ambient noise or stray electrical or magnetic fields, shall be sufficiently low so as not to affect the test results by more than 0.5 dB.
Current Measurement
The device used to measure current drain shall have an accuracy of AE 5% or better.
Sensitivity of the hearing aid tester microphone(s) is one of the most important parameters to calibrate and is defined as the ratio of an output parameter to the associated input parameter. Determining the sensitivity of the microphones used in a hearing aid tester is one of the first steps in calibrating the measurement device.
Frye provides an extensive set of calibration and maintenance manuals for the 8000 and FP35 Touch hearing aid analyzers in their excellent online library at Frye.com/wp/manuals. 16 Detailed procedures are provided for user calibration of the test system, reference microphones, coupler microphones, and probe microphones with a sound calibrator. The Frye 8000 hearing aid analyzer has few external calibration adjustments, because most are internal to the analyzer. They suggest that system and microphone calibration for the FP35 hearing aid analyzer be done once a year at a minimum and more often if necessary. Frye recommends that calibration be done after the FP35 system has stabilized to room temperature (temperature is displayed on the FP35 Calibration Screen). Caution is recommended when checking FP35 microphone calibration, because the microphone calibration data are stored in the microphone connector rather than in the FP35 analyzer.
Checking microphone calibration is done with an acoustic calibrator or pistonphone, which produces a sound output within tight tolerance at a particular SPL and frequency. Examples of portable, battery-operated acoustic calibration devices include the following. If even greater accuracy is desired, a pistonphone rather than an acoustic calibrator may be used as per the following examples: Fig. 9 .
Listen provides detailed calibration information in their Hearing Aid Standard Sequences note, 17 including step-by-step instructions for calibrating the coupler/reference microphone, anechoic box sound source and TMFS (Frye Telewand) and loop (B&K 4232 sound box loop) test fixtures for telecoil tests.
HOW TO DO THE CALIBRATION
Generally, the following steps are followed when calibrating sensitivity for a system that has both a reference microphone and a measurement microphone:
The reference, coupler, and ear simulator microphones are calibrated by measuring their sensitivity via a certified acoustic calibrator or pistonphone.
The reference microphone is placed at the measurement position in a test chamber.
HEARING AID-RELATED STANDARDS AND TEST SYSTEMS/RAVN, PREVES
The speaker in the chamber is then calibrated by driving a sine sweep through the speaker and measuring its response via the reference microphone. This response is inverted and applied as an equalization for all of the measurements that follow.
Some hearing aid analyzers do not use a reference microphone to level or equalize the sound input to hearing aids, but\ instead determine and store the equalization values for use later. This procedure is called the equivalent substitution method, as specified in Annex A of ANSI S3.22 (2014). For example, as mentioned previously, the Frye 8000 employs the equivalent substitution method of equalizing the test chamber as follows: the measurement or coupler microphone is placed at the reference point in the chamber and then, during the leveling process, the deviation of sensitivity of the acoustic source from the desired level is analyzed over frequency. A finite impulse response filter is then generated to correct these response irregularities. Any signal that is then sent to the sound chamber, including the ISTS and white or pink noise signals, is passed through this real time filter to remove system level deviations to within 1 dB. 
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The extensive Audioscan Verifit User's Guide provides detailed calibration procedures in http://www.audioscan.com/Docs/RM500 SLmanual.pdf.
LIMITATIONS, ISSUES, AND PROBLEMS WITH CURRENT STANDARDS
Although some of the hearing aid analyzers discussed have their own methods of assessing some of the more recent adaptive features incorporated in hearing aids, there are no standard methods to evaluate the performance of such features as adaptive directionality, adaptive noise management, feedback cancellation, and frequency transposition.
For example, ANSI S3.35 (2010) specifies how to measure and calculate a 3-D directional index on KEMAR. However, currently the standard states that earmold vents are to be occluded and adaptive features are to be disabled for these directional measures. Members of the ANSI S3/WG48 committee on hearing aid measurements recognize that a closed vent condition is not representative of real world use, and, in part, because of the recent popularity of open fit hearing aids, the standards committee has been investigating how large vents may affect directionality measures. It was found that the signal path for open fit hearing aids can be broken down into a direct-acousticthrough-the-vent contribution and an amplified contribution. Depending on their relative amplitudes and phases, the sum of these two signal paths often produces a comb-ripple effect in both frequency response and DI, with the direct portion degrading the 3-D simulated real ear DI by up to 3 dB. 18 Standardizing methods for feedback cancellation is another area that also is receiving attention currently within a subgroup of the ANSI S3/WG48 committee. The subgroup has been considering how to set up hearing aids physically, how an acoustic feedback condition is created, and both objective and subjective measurement metrics of gain before onset of feedback oscillation and sound quality using some type of tonal signals, respectively. This is proving to be a daunting standardization challenge, but a worthwhile one.
CONCLUSION
Concerted efforts toward harmonization are being made currently by hearing aid-related ANSI and IEC standards committees. Members of these standards committees devote many voluntary hours to standardization efforts. There is much challenging work remaining to be done before standards can be formulated for adaptive features incorporated in currently marketed hearing aids. Because standards represent consensus opinions and practices, generating and publishing a new standard or updating an existing standard requires considerable time. Because of that, standards to evaluate features introduced in current hearing aids will always lag behind their proliferation, and will always be trying to catch up with existing technology. Those utilizing and having an interest in products that can be assessed by the standards discussed in this article should consider participating in the standards development process.
